Background Human parvovirus B19 (B19V) infection during early pregnancy increases the risk of miscarriage. Studies have inconsistently shown an elevated risk of infection among women with occupational contacts with children. Methodological differences, particularly in defining occupational exposure and in the type of reference group, may explain the conflicting findings. Methods This cohort study compared B19V infections in pregnant day-care employees and healthcare professionals during a B19V epidemic in Finland. Women were identified from the files of nationwide trade unions and the National Supervisory Authority for Welfare and Health. Early-pregnancy maternal B19V IgG was analysed in 3710 women, and infections were defined as seroconversions after analysing in parallel the available umbilical cord blood samples of the 847 seronegative mothers. Independently of the serological status, the actual employment during pregnancy was assessed using registered information on employment history. Results B19V infections were more common among day-care employees (22/331, 6.6%), than among those working in healthcare (12/326, 3.7%). The adjusted HRs of B19V infection, using proportional hazard regression, was 2.63 (95% CI 1.27 to 5.46) among all women and 5.59 (95% CI 1.40 to 22.4) among nulliparous women. Conclusions Day-care employees are at an increased risk of B19V infection, which warrants preventive measures.
INTRODUCTION
Human parvovirus B19 (B19V) was first described in 1975.
1 B19V infection causes erythema infectiosum, a common rash in preschool or school-aged children, arthropathies including arthritis in adults, transient aplastic crisis in patients with an underlying haematological disease, chronic bone marrow failure in immunocompromised patients and some other manifestations of diseases. [2] [3] [4] B19V is transmitted not only via respiratory secretions but also vertically from mother to fetus at a transmission rate of 25-50%. 5 6 Antenatal B19V infection can lead to hydrops fetalis, miscarriage (fetal loss before week 22 of gestation) and intrauterine fetal death (at or after week 22). 7 The excess risk of fetal loss (6-9%) seems to be restricted to maternal infection at the end of the first or the beginning of the second trimester. 5 8 9 B19V outbreaks occur mostly in the spring, with major epidemics every few years. In one large study, the annual incidence of B19V-IgG seroconversion during pregnancy was 1.5% in a non-epidemic period and 13% in an epidemic period. 10 In general, most infections of pregnant women are transmitted by the women's own children. 10 The occupational risk of B19V infection has been reported as being elevated among day-care employees and school teachers in some [10] [11] [12] [13] but not all studies. [14] [15] [16] Nevertheless, the routine exclusion of pregnant day-care employees from high-risk workplaces is not generally recommended. 5 10 13 17-19 We investigated whether day-care employees are at increased risk of B19V infection. B19V infections were defined as B19V-IgG seroconversions between early pregnancy and birth. Unlike previous What this paper adds ▸ Studies have inconsistently shown an elevated risk of human parvovirus B19 (B19V) infection among women with occupational contact with children. High-quality studies have indicated an increased risk of miscarriage and intrauterine fetal death among the infected women. ▸ We compared infections in pregnant day-care workers and healthcare professionals with a similar socioeconomic status but without occupational contact with children. ▸ We observed an increased risk of B19V infection among day-care employees. The difference in the infection risk was even more pronounced in the analysis of nulliparous women, eliminating the effect of the women's own children. ▸ Based on our findings and studies of adverse pregnancy outcomes, we propose the following guideline: during a B19V outbreak in a day-care unit or elementary school, pregnant B19V-seronegative employees should be transferred from the epidemic workplace to another workplace or allowed a leave of absence for approximately 2 months.
studies, we restricted the comparison to employed women and used women in healthcare as a comparison group. We also examined in detail the impact of (1) work in general, (2) work with children and (3) the participants' own children, in the routes of infection. The objective of this study was to obtain a more thorough scientific basis than previously for the assessment of the occupational safety of pregnant women at risk of B19V infection.
METHODS

Study population, samples and data sources
A cohort study of B19V infection was conducted among pregnant day-care and healthcare employees in Finland. We identified 60 926 employees born in 1946 or later, and the final study population consisted of 847 susceptible women who were pregnant during the period September 1992-August 1993. The study period includes a major B19V epidemic. The study group consisted of professional children's nurses and nursery school teachers (figure 1), whereas the comparison group included healthcare professionals with similar socioeconomic status, but with little or no occupational contact with children. The latter occupations were physiotherapists, dispensers, opticians, masseuses, rehabilitation nurses, dental assistants and dental hygienists. The nursery school teachers were identified from the files of the Trade Union of Education and the Union of Professional Social Workers. The women who qualified in the other occupations were identified in the register of the National Supervisory Authority for Welfare and Health. The employee data included personal identity number (ID), occupation, and date of qualification or union membership. We identified the women from the different registers using their IDs.
Data on early-pregnancy and umbilical cord serum samples
To identify the pregnant women of interest to the present study, we linked the employee data with two data sets of serum samples, the first ones taken in early pregnancy and the second at birth (figure 1). In Finland, maternal early-pregnancy sera are routinely collected and stored by the Finnish Maternity Cohort (FMC) maintained by the National Institute for Health and Welfare. The data include ID, the sampling date and the expected date of confinement (EDC). In addition, during the period September 1992-August 1993, cord blood samples Figure 1 Design of a cohort study of human parvovirus B19 infections among day-care and healthcare employees, Finland, 1992-1993.
(N=49 680) were drawn at term for the screening of congenital hypothyreosis by the National Institute for Health and Welfare, with a nationwide coverage of ∼76% (the number of annual births was about 65 000 in 1992 and 1993).
We included each woman's first pregnancy that could have resulted in childbirth during the period of the archived umbilical cord serum sampling, that is, September 1992-August 1993 (n=4276). The early-pregnancy sera of 132 women were not found. We further restricted the study to women who had graduated or joined the trade union prior to the serum sampling date (n=3710). A total of 3430 pregnancies (92.5%) resulted in live birth and 13 (0.4%) in intrauterine fetal death. The 267 (7.2%) non-birth outcomes consisted of miscarriages and induced abortions. For births and intrauterine fetal deaths, we obtained information from the Finnish Medical Birth Register (MBR) on date of birth, gestation length, hospital district and previous births. The MBR was established in 1987 and contains data on all newborn infants and on all mothers who have given birth in Finland. 20 All the eligible early-pregnancy serum samples (n=3710) were examined for B19V IgG by an indirect enzyme immunoassay using streptavidin-bound biotinylated virus-like particles of virus protein 2 as an antigen. 21 The cut-off absorbance for a positive IgG result was 0.198. IgG-seronegative women with live births (n=1497) were eligible for our study of incident B19V infections. For this purpose, the available cord blood samples (n=847) in parallel with retesting of each corresponding early-pregnancy sample were examined for IgG. The cord blood samples of 650 women (43%) were not studied, because: (1) the hospital did not deliver cord blood samples (n=523); (2) the sample was inaccessible (n=127).
Time windows for B19V infections and employment
Based on the known B19V IgG appearance kinetics, 22 the follow-up for seroconversion events began 14 days before the serum sampling date. Likewise, the end of the follow-up was set at 14 days before birth (ie, cord blood sampling). The mean length of the follow-up was 205 days (range 90-493); the longer follow-up periods are due to 18 women whose earlypregnancy sample was obtained during a prior pregnancy. In Finland, maternity leave begins no later than 35 days prior to the EDC. Therefore, we assessed employment for a period starting at the beginning of follow-up but ceasing either 5 weeks prior to EDC, or 2 weeks before delivery, whichever came first.
Defining occupation and employment status during seroconversion follow-up
We collected information from various registers to specify the prenatal occupation and employment status of the women during the seroconversion follow-up (figure 1). First, all the 847 women were classified into either day-care (n=432) or healthcare (n=415) occupations by education. Second, we defined occupation during follow-up using the MBR information resulting in 384 women in day care and 369 women in healthcare. Finally, to define employment-verified occupation, we checked prenatal employment using the registers of the Finnish Centre for Pensions, in which all salaried employments are registered. This final seroconversion population of 847 women with employment-verified occupation comprised 331 day-care and 326 healthcare employees with registered employment, and in addition, 60 women with other occupations, and 130 unemployed women.
Statistical analysis
HRs of prenatal B19V infection between occupational groups were assessed with proportional hazard regression using the SAS PHREG procedure (SAS V.9.2, SAS Institute Inc, Cary, North Carolina, USA). The time-dependent interaction between occupation groups and the follow-up period was statistically nonsignificant, confirming that the proportional hazards assumption was justified. 23 
Factors considered in the analyses
Working practices may change with increasing job seniority. Therefore, we created a 'job seniority' variable as years from graduation/joining the trade union, with three groups: 0-4, 5-9 and ≥10 years. We also recognised spatiotemporal variability in occupational groups and infections. The women from the Capital (Helsinki) Region were more likely to work in day care but less likely to experience B19V infection than the women in other parts of Finland. We therefore defined a variable Capital Region. The occurrence of seroconversions was higher for late follow-up periods, early-pregnancy sample in or after September 1992 and/or a birth in or after May 1993. We defined the corresponding follow-up periods as having occurred during a high-risk period. Other periods were thus defined as low-risk periods of B19V infection.
We selected variables into the multivariable models as follows. Variables for women's own living children, assessed using information from the MBR and from the Population Information System maintained by the Population Register Centre, were forced into the models. Both the number of children and their ages were considered. From among other variables, we selected those that were associated with the risk of infection (p<0.05), or had an impact on the relative risk of infection between day-care and healthcare employees.
Sensitivity analyses
We used the employment-verified occupation as the main occupational classification in assessing the impact of day-care work on the occurrence of B19V infection. To learn from the impact of exposure misclassification, we studied the occurrence of B19V infection by also using other definitions of occupation with varying potential for occupational misclassification. Moreover, an analysis restricted to nulliparous women was performed to eliminate the effect of the women's own children. We also recognised an additional source of exposure misclassification in women with young children. In Finland, women with children <3 years of age are entitled to childcare leave. Therefore, we conducted an analysis excluding women who were employed at the beginning of the study pregnancy and had a <3-year-old child.
The study was double blinded: the occupation and employment of the women, and the serological classifications were assessed independently of each other. Permission for use of the MBR was obtained from the Ministry of Social Affairs and Health. Permission for use of the registers of the FMC, the Finnish Centre for Pensions, Statistics Finland, the Trade Union of Education and the Union of Professional Social Workers was obtained from the organisations themselves.
RESULTS
The women with day-care education were more likely to be B19V-IgG seropositive (59%) than the women with healthcare education (55%; table 1). Seropositivity increased in relation to the number of the women's own living children but the increase in relation to the women's age and job seniority was weaker.
The day-care employees were more likely to be infected during pregnancy (6.6%; 22/331) than those in healthcare (3.7%; 12/326), corresponding to annual seroconversion rates of 12.2% and 6.7%, respectively (table 2). The women in the Capital Region were at a lower risk of B19V infection than the women in other parts of Finland (adjusted HR (aHR)=0.57, 95% CI 0.26 to 1.27). As expected, the risk of infection increased with the number of children of the woman.
The aHR of B19V infection for day-care work was 2.63 (95% CI 1.27 to 5.46; table 2). HRs for day-care work according to the various definitions of occupation as well as that among nulliparous women are presented in figure 2 . The strongest association can be seen among nulliparous women, though with a wide CI (aHR=5.59, 95% CI 1.40 to 22.4). HRs were higher in the analysis using employment-verified occupation than in analyses using education or self-reported occupation as a measure of exposure. The relative risk for day-care work was also higher when the women entitled to childcare leave were excluded from the model. This restriction is supposedly least prone to occupational misclassification.
We explored the impact of work and the women's own living children on the risk of B19V infection in more detail. The risk increased along with the number of the women's own children in the entire data (aHR for continuous variable is 1.44, 95% CI 1.12 to 1.83) and among all the employed women (aHR=1.70, 95% CI 1.29 to 2.24). However, this tendency was not seen in the small group of non-employed women (N=130, aHR=0.86, 95% CI 0.41 to 1.81).
DISCUSSION
We found a 2.6-fold increased risk of B19V infection among day-care employees compared with women employed in healthcare. The association was stronger among nulliparous women. In addition, the slightly elevated seroprevalence among day-care employees points to an elevated cumulative occupational risk.
In a population-based Danish study, 10 women with day-care education were at a three-time higher risk of B19V infection compared with other women. Another Danish study found a higher risk of infection among employed than among non-employed women. 24 However, the risk for those working with children did not deviate from that of other working women. Additionally, an elevated risk in work with children has been reported in a number of other studies, [11] [12] [13] although not in all studies. [14] [15] [16] We focused on employed women and, unlike the other studies, 10 24 we used women with a similar socioeconomic status as a comparison group. This study decision may have made the compared groups more similar also in precautions such as hand washing when taking care of their own children. Other methodological differences could also have affected the contradictory results.
A major strength of our study was the large size of the occupational cohort and the fact that the study took place during a major B19V epidemic. Occupational exposure and the employment status of all participants were specified using several nationwide registers. Many known or potential risk factors for B19V infection, such as age and the number of the mother's own living children, the age of the mother, area and period were considered in the analyses.
Misclassification of occupation or employment
Education was used as a measure of women's occupational exposure in a major Danish population-based study, and researchers reasoned that misclassification of occupational exposure would have been limited. 10 In line with their reasoning, we found similar results in the analyses using education or self-reported occupation as an indicator of occupational exposure. However, we found a higher relative risk of B19V infection for day-care work when we used employment-verified occupation as an exposure measure instead of more crude exposure indicators. The observed risk further increased substantially after excluding mothers potentially on childcare leave, affecting about 20% of the mothers in day care, and 15% of the mothers in healthcare. These findings point to the importance of the quality of exposure assessment and to the need to verify employment during pregnancy when assessing occupational risks. The present register-based study might still suffer from a minor residual misclassification of occupation. Based on our earlier comparison of day-care and healthcare occupations between MBR and Statistics Finland, 25 we assume that employment-verified occupation may still be misclassified in about 10% of the studied women. Residual misclassification of occupation may have caused a marginal attenuation of the true effect.
Impact of work and children on infection risk
We found approximately 10 excess infections in day care. Given that these infections are caused by work, they supposedly are confined to actual working hours. In Finland (about 200 working days per year á 7-8 h), working hours constitute less than 20% of the total time. It can therefore be reasoned that, during actual working hours, the risk of B19V infection could in reality have been as much as 10-15 times higher in day care than in healthcare.
Because of the major impact of the women's own children on B19V infections, 10 studies including parous women tend to underestimate the relative risk of work in day care compared with that in other work. We explored the associations of the B19V infection with the number of the women's own children and employment in more detail, and recognised the highest relative risk for day-care work among nulliparous women. In addition, the risk of infection increased along with a higher number of children among employed women, but not among non-employed women. Based on these findings, we hypothesise that day-care-aged children of employed women may have more contacts with age mates than children of non-employed women, and thus have a higher risk of being infected and of transmitting the infection to their mothers. Analyses among nulliparous women are more appropriate in assessing the genuine impact of work and work with children.
Loss of follow-up
Obviously, no umbilical cord blood samples were available from the succumbed fetuses (n=94). These comprise intrauterine fetal deaths (n=6), miscarriages and induced abortions. As B19V is not considered a teratogen, we did not expect the numbers of induced abortions to have risen above baseline. However, because B19V infection during the first half of pregnancy increases the risk of miscarriage, 5 8 9 20 our numbers of seroconversions, based on cord blood, slightly underestimated the absolute risk of B19V infection. Nevertheless, the occupational comparisons of infections may not be influenced because the risk of fetal death of the affected fetus is unlikely to depend on the mother's occupation. Altogether 650 (43%) cord blood samples were missing due to non-participation of hospitals or storage depletion. These losses increase the CIs but are supposedly unrelated to occupational B19V infections.
Our findings form evidence that day-care employees are at an increased risk of B19V infection, and this should be taken into account in the assessment of occupational safety measures for pregnant women. During a B19V outbreak in a day-care unit or elementary school, B19V-seronegative pregnant employees should be transferred from the epidemic workplace to another workplace. Maternity leave is another preventive procedure. At a particular affected day care or school the duration of a B19V outbreak, including a safety period, is approximately 2 months, during which time such an allowed leave of absence is needed if a change in working place is not possible.
Because the risk of infection increases in proportion to the number of children, studies including parous women tend to underestimate the impact of day-care work as a risk factor. An analysis among nulliparous women provides more valid results. In future studies, not only the number and ages of the women's own children, but also the number of children's contacts with their age mates should be considered as a transmitter of B19V infection in countries with universal access to day care.
